Materials. Sulfuric acid (95-97%, Sigma Aldrich), sodium hydroxide (VWR Chemicals), sodium chloride (analytical grade, Fisher Chemicals), lithium hydroxide monohydrate (>99%, Sigma Aldrich), lithium chloride (99%, Sigma Aldrich), zinc chloride (Sigma Aldrich), butan-1-ol (VWR Chemicals) and N,N-diethylacetamid (DMAc; 99%, AcrosOrganics) were used as received. Polyether ether ketone (Polysciences Inc.) was ground and dried at 120 °C before use. Propylene carbonate (PC; battery grade, BASF), ethylene carbonate (EC; battery grade, BASF), diethyl carbonate (DEC; >99%, Roth), bis(2-methoxyethyl) ether (diglyme; 99.5%, Sigma Aldrich) were dried over activated molecular sieves for one week and stored in an argon filled glovebox.
Membrane preparation and characterization. Casting solutions with different wt % of Na-SPEEK dissolved in DMAc were used for the membrane fabrication and various non-solvents were tested. Table  S2 summarizes the different conditions tested. Scanning electron microscopy (SEM) images show that only a casting solution of 15 wt % in DMAc result in a highly porous top layer ( Figure S7 ). Increasing the polymer content in the solution leads to a decrease in porosity of the top surface. While membranes casted from a 20 wt % solution show some porosity on the top surface, membranes casted from 25 wt % solution reveal a dense top surface. Figure S2 shows the optical photograph of a dense and a porous Na-SPEEK membrane. The dense M-SPEEK membrane was obtained by directly drying the casted film while the porous membrane was obtained by immersion precipitation technique. The two fabrication techniques are illustrated in Figure S3 . Figure S8 shows the effect of the non-solvent on the final membrane porosity. Immersing the casted film (15 wt % in DMAc) into a solvent bath of pure ethanol dissolves the film. Immersion in pure isopropanol and ethyl acetate does not dissolve the casted film but results in a free-standing membrane with a dense top surface. Only immersion in butanol results in a free-standing membrane with a highly porous top surface.
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Na-SPEEK membranes were transformed to Li-SPEEK, K-SPEEK, Mg-SPEEK and Zn-SPEEK by ion-exchange in the respective aqueous metal chloride solution. Complete conversion was confirmed by EDX (Table S3) and ICP-OES (Table S4) analyses. The sulfur to metal ratio indicates how many functional groups are actually converted from the protonated form to metallic form. The morphology of different M-SPEEK (M: Na, Li, K, Mg, Zn) membranes was analysed by SEM. The SEM images of membrane surfaces show similar porosities for the different M-SPEEK membranes, as shown in Figure S10 . The porosities of different M-SPEEK membranes were further characterized by BET analysis. The DFT pore size analysis on the desorption branch of the BET isotherm for different M-SPEEK membranes is presented in Figure S6 .
The similar morphology of different porous M-SPEEK membranes (M: Na, Li, K, Mg, Zn) as shown in Figure S10 , and their very similar pore size distribution as shown in Figure S6 , lead to the conclusion that the ion-exchange process has no effect on the pore structure of the M-SPEEK membranes. The BET analysis shows that all membranes, either prepared by the evaporation or the phase inversion process consist of small mesopores of around 4-5 nm. In case of the dense membrane prepared by the evaporation method, these mesopores are significantly less in number and seem isolated in the absence of larger meso/macropores. The membranes prepared by the phase inversion process are additionally comprised of larger meso/macropores, creating an interconnected porous high surface area network for facile solvent infusion. Even though the large macropores (≥ 100-200 nm) visible under SEM have minimal contribution to the overall surface area, they are necessary for efficient solvent infusion. This porous network is able to imbibe organic solvents up to 76 wt %, which leads to complete wetting of the porous membranes. The dense membrane, lacking the interconnected network, is only able to absorb 3 wt % of organic solvent, which is not enough for complete wetting of the membrane.
Mechanical and thermal properties. Table S5 summarizes the tensile strength measurement results for different SPEEK ionomer membranes. The results lead to the conclusion that an increase in the degree of sulfonation leads to a decrease in the Young's modulus, the tensile strength and the elongation at break. In general, an increase in DS decreases the mechanical stiffness and robustness of the SPEEK membranes. However, the counter ion has no effect on the mechanical properties of the SPEEK membranes. The Li-SPEEK and Zn-SPEEK were directly obtained from Na-SPEEK membranes and all three show similar mechanical properties. Therefore, it is assumed that Mg-SPEEK and K-SPEEK will show similar mechanical properties as Na-SPEEK, Li-SPEEK and Zn-SPEEK. The thermal stability of different SPEEK membranes are shown in Figure S11 . A slight decrease in thermal stability from PEEK to SPEEK can be observed. However, a higher degree of sulfonation has no effect on the thermal stability of the polymer. The counter ions have no effect on the thermal properties of the SPEEK membranes. Table S3 . Atomic Sulfur/Metal ion ratio for Na-SPEEK, Li-SPEEK, K-SPEEK, Zn-SPEEK, and Mg-SPEEK membranes as determined from EDX. Table S4 . Quantification of the porous Na-SPEEK, Li-SPEEK, K-SPEEK, Zn-SPEEK, and Mg-SPEEK membranes as determined by quantitative ICP-OES analysis. The Li/K/Zn/Mg membranes were obtained by ion exchange of the porous Na-SPEEK membrane. The samples were analyzed after high-pressure/high-temperature microwave digestion. Indium was added as recovery standard to every sample. A full recovery was observed for all the samples but the SPEEK-Zn sample which yielded a recovery of 27%. This is due to a sample loss during the sample preparation. Since the other samples showed complete recovery, the analysis results of the SPEEK-Zn sample were numerically corrected assuming 100% of Indium recovery. s-7 Figure S9 . EDX spectra of the porous M-SPEEK (M: Na, Li, K, Mg and Zn) ionomer membranes. Absence of Na signal (and of Cl) for the Li/K/Mg/Zn ionomer membranes (labelled as Na in each spectrum) confirms the success of the ion exchange process, through which the membranes were obtained from the porous NaSPEEK membrane. Pt signal corresponds to the 5 nm Pt layer that was sputtered on the samples to avoid charging effect under SEM. Figure S10 . Typical SEM images of a dense Na-SPEEK -prepared by evaporation method and a porous Na-SPEEK -prepared by the phase inversion method, and porous Li-SPEEK, K-SPEEK, Mg-SPEEK and Zn-SPEEK membranes, prepared by ion exchange of the porous Na-SPEEK membrane. Figure S11. TGA spectra of PEEK, Na-SPEEK DS=63%, Na-SPEEK DS=93%, Li-SPEEK DS=63% and Zn-SPEEK DS=63%, all recorded with a heating rate of 10°C min -1 . Figure S12 . Flame testing depicting the thermal stability an EC-DEC soaked Li-SPEEK ionomer membrane relative to an EC-DEC soaked Celgard® membrane. While the carbonate soaked Celgard® melts and burns out in a second, the soaked Li-SPEEK retains its form for much longer time. Table S6 . Relationship of the surface area of the porous membrane and the morphology of the membrane surface with the membrane's ion conductivity at room temperature soaked in EC-PC (1:1 v/v). The sample labels correspond to the fabrication technique in Table S2. Table S6 leads to the conclusion that a highly porous membrane with a large surface area, a highly porous top surface and a high grade of sulfonation is needed to achieve a high ion conductivity. 
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